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Answer all the guestions.

Compound A is used to add the flavour of mushrooms to foods.

e \
0 CH,—i )
-\__.-_:_\ i 2 ‘__:\\____ /.1//
HiC €—0
C- C
H CH

compound A

{a) (i) Apartfrom the benzene ring, name the two functional groups in compound A.

(i) Draw the skeletal formula of compound A.

(iii}) DNeduce the molecular formula of compound A.

{b} Compound B is a sterecisomer of compound A.

Explain what is meant by the term sterecisomerism. Use compounds A and B to illustrate

YOUr answer.
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(c)

If the food is cooked for a long time, naturally occurring acids catalyse the hydrolysis of
compound A,

Craw structures to show the two organic compounds formed by the acid hydrolysis of
compound A,

)

{d} The hydiolysis of compound A can be monitored by sampling the mixlure al regular inlervals,

separaling the components, and recording their infra-red spectra.

{i) OState two absorptions that would be expecied in the infra-red spectrum of compouna A,
and identify the parts of the molecule responsible for each.

{ii) Suggest a wavenumber range within the spectrum that could he used to clearly
distinguish compound A from the products formed by the hydrolysis reaction.

Explam your answer.

[Total: 12]

[Turn over

B



http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

Mandelic acid, C,H.CH(OR)CQOH, is found naturally in almonds. It is the active ingredient in
some skin creams that are used to combat signs of ageing. Mandelic acid can be synihesised
from benzaldehyde in two stages as shown below.

CN COOH
i i
CHO stage 1 H € - OH slage 2 H (|; OH
[ HCN _, | )
! > il - | |
KCN N l
benzaldehyde mandelic acid

(a) (i) Show in detail the mechanism for the reaction in stage 1.

[41

(i) State the name of this mechanism.,

(b) Explain why reactions such as that used in stage 1 are particularly useful in organic
synihesis.

{(¢) (i) State the reagents and conditions needed to carry out stage 2.
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(i) Complete and balance the overall equation for the reaction in stage 2.

C,H,CHORCN b~ C H, CH{OH)COOH

B

mandetic acid

{d) Explain why the mandelic acid produced naturally might be more effective as a drug than the

same compound synthetically produced.

(e) The compound made in stage 1, C;H,CH(OH)CN, can be converted into another usefdl

organic compound by reaction with LIAIH,, i dry ether.

(iY ldentity the organic compound formed in this reaction.

(i) State the ype of reaction.

(1]

..................... (] |

{Total: 14

[Turnover |
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Thua nao is a traditional sauce made in Northern Thailand by fermenting cooked soybeans. s
unigue flavour is due to a range of volatile compounds formed during the lenmentation.

One of these volatile compounds is 3-hydroxybutancne.

0 H o
W on
3-hydroxybutanone

(a) State the meaning of the term volatile.

{b) Several hydroxyketones with similar boiling points can be separated from the fermentation
mixture.

Describe a method, which does not involve spectroscopy, that could be used to distinglish
3-hydroxybutanone from the other hydroxyketones.

.............................................................................................................................................

{c) 3-Hydroxybulanonc can also be identified using its n.m.r. spectrum which is shown opposite.

(i)

Use the structure shown on the spectrum to label the parts of the molecule that are
responsible for each of the peaks. One has been done for you. i2}

Explain how you could confirm that the labelled peak on the spectrum is the hydroxyl
peak.
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n.m.r. spectrum of 3-hydroxybutanone
(iii} Explain the splitting patterns shown by the peaks at 6 = 1.4 and 6 = 4.3.
....................................................................................................................................... (2]
{(iv) Underneath each of the four peaks on the spectrum above, write the relative peak area |
expected for that peak. 1)
(v) What determines the relative area of a peak?
...................................................................................................................................... {1
[Total: 13] ¢
[Turn over
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Phenol reacts readily with dilute nitric acid at room temperature in a nitration reaction to produce a ' 88
mixture of products as shown below. i SZ
e
OH OH OH P ot
|
L , L NG, ! %
- dilute HNO., o i’ o I . 8&

L I I P and sj. i -
S  fem [N r . PE ; )
room temp S et S

ol

NO, T
< 14

oo
.o
(a) Suggest the structure of another organic product that is likely to be formed in the nitration of 1+ 0C

phenal. &

o

pp oo

(b) Assuming a yicld by mass of 27% for 4-nitrophenol, calculate the mass of 4-nitrophenol that 8
would be produced from 100 g of phenol. Show your working.

Give your answer to an appropriate number of significant figures.

mass of 4-nitrophenol = .......
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" ! {c) Inthis question, one mark is available for the quality of spelling, punctuation and grammar.

Inenriae

W Compare the reagents and conditions for the nitration of phenol with those used for the |
A nitration of benzene.

E State and explain the eifect of the —OH group on the reactivity of the benzene ring in phenot.
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{d) 4-Nitrophenol can be converted into a range of useful organic chemicals. Draw the structures '

ot the organic products formed in the following reactions.

s Sn(S)__,_,----”""
NaOH{aq) . Cl)H - conc. I
- N7 HCled
:[ . ./ '.__ll! ; !!
LA / !
Braq) " | e CH.CocH] '
A39) NO, R |

(4]

[Total- 17)

The reducing agent, NaBH,,, is used widely in organic chemistry. One example is for the reduction
of diphenylethanedione, C, H, 0., shown below. ‘

10—z
O |
S IERNY _— .
C T I'- ! . !
f i "\t____ Ay i

diphenylethanedione

{a) (i) Draw a displayed formula to show the structure of the organic product that would be |
formed by reducing diphenylethanedione with excess NaBH,. |
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(ii} Complete and balance the equation for this reaction, using [H] to represent the reducing

agert.

CH.O S

4" 02

(b} Diphenylethanedione is a pale yellow colour,

The colour results from the arrangement of the delocalised n-bond elections.

i
(1) |

which disappears when it is reduced.

Explain what is meant by the term delocalised n-bond electrons.

(e} Coloured organic compounds aso include azo dyes. |

Describe how an azo dye can be made from phenylamine. Show the structure of the azo dye ‘

and the organic intermediate in your answer.

[Turn over {
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| 6  The fibres used in carpets are made from synthetic or natural polymers such as nylon-6,6, Orfon™ 8

| and wool. oo

{a) Compiete the table below. O

nylon-6,6 !
! e e oo — e i et em e e . . | g
| | O 0 |

| [ I

o -¢ (Ci,), C Ol

8]

2

I monomer(s)

HN = (CHo), - NH, o

278

. ‘ H CN ' ' (x
repeat unit ol | o W O
the polyrner ‘ . '

O
e
]

| ; : - ) ' o
|

| ~type of

. ' polymerisation

ez alalelela

{] : G

(b) Nylon-6,6 can be made from ils monomeaers in the laboratory in two stages as shown bolow, ’ 0.

..‘. {__-

stage 2 f 9
Y S

nylon-6,6 . G

{1) State a suilable reagent 1o carry out stage 1.

=
=
ATetatalalotalalate!

|
| (i)  Deduce the inorganic product that is also tormed in stage 2.
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(c)

Industrially, nylon-6,6 is not manufactured by the method in (b). Instead, the two monomers
arc mixed directly at room temperature {0 give a salt. This salt is then heated 1o converl it to

nylon-6.6.

13

Suggest the structures of the (wo 1ons present in this salt.

QUESTION 6 CONTINUES ON THE NEXT PAGE

[Turn over

-
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|
(d} Woolis a protein. It is a natural polymer made by the same type of polymerisation as nylon- |
6,6. !

A section of the polymer chain in a protein is shown below.

o
i Q HzC O Il @] H O
S o I .
N c- C N -G C e N-—-C- C N C-C- !
i | ' |
| | I | :
H CH, H H H H H CH,
OH j
(i) How many monomer units does this section contain? v f1, ,‘J

(i) DOraw the structure of one of the monomer molecules that was used to form this section.

(1]

(lii} State three ways in which the monomer units of a protein differ from those of nylon-6,6.
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terms.
Bromine is used in organic chemistry to carry out a variety of electrophilic reactions,

(i} Describe and explain how a molecule of bromine acts as an electrophile. Iflustrate your
answer with a diagram showing relevant dipoles and curly arrows.

(i) Use your answer to (i) to explain why bromine reacts much more readily with
cyclohexene than it does with benzene.

Quality of Written Commu| &

L

7 {a) In this question, one mark is available for the quality of use and organisation of technical

(Turn over l
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{b) The compound iodine monobromide, 1Br, also reacts with benzene in an electrophilic
reachion,

. o -2 IS

(i) Which compound would be the main product of this reaction, iodobenzene or |
bromobenzenc? Explain your answer,

o

(ii) Deduce an egualion for the reaction of ioding monobromide with benzene.

[1]

[Total: 11]

END OF QUESTION PAPER
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4 Mark Scheme Jan 20086

ADVICE TO EXAMINERS ON THE ANNQOTATION OF SCRIFPTS

+ Dlzase ensure that you use the final version of the Mark Scheme.
Yoo wra advised to destroy all draft versions.

S

i ase mark all post-standardisation scripts in red ink. A tick {v') should be used for each answer
judged worthy of a mark. Ticks should be placed as close as possible 1o the point in the answer
where the mark has been awardad. The number of ticks chould be the same as the number of marks
cwarded. If two (or more) responses are required for one marlk, use only one tick. Haif marks should
novar ot used.

2 The following annotations may be used in when marking. No comments should be written on scripts
Lnlass they relate directly to the mark scheme. Remember that scripts may be returned to centres.

= incorrect responsc (errors may aiso be underiined;
= cmission of the correct response

PRI = “benefit of the doubt” (whare professicnal judgement has been used in
deciding a response is worthy of a mark)

ect = “error carried forward” {in conseguential marking}

fty! = contradiction (in cases where candidates contradict th°m~elves in the same

respense). No mark awarded, even if one response was correct.
uf = error In the number of significant figures (only penalised once on the paper).

&V re marks awarded for each part question should be indicated in the margin provided on the right
Land nids of the page. The mark total for each question should be ringed at the end of the guestion,
an ihe rioht hand side. These totals should be added up to give the final total on the front of the
DEDer.

&l

4 ¢ 1saz where candidates are required o give a specific number of answers. {e.g. ‘give three
reasens ...}, mark the first answer(s) given up to the iotal number required. Strike through the
rorngi m:‘c:r In specific cases where this rule cannot be applied, the exact procedure to be used is
given i fhe mark scheme

o

Corract an: wers to calculations should gain full credit even if no working is shown. unless otherwise
indicated on the mark scheme. (An instruction to ‘Show your working' is te help candida.gs. who may
then gain partial credit even if their final answer is not correct.)

=l

Strike through all blank spaces and/or pages in order to give clear indication that the whole of the
script has been considered.

S An eiemeni of professional judgement is required in the marking of any writter paper, and candidates
may r ot use the exact words that appear in the mark scheme. If the science is correct nd answers
the question, then the mark{s) should normaily be credited. If you are in doubt about the validity of
anv answer, contact your Team Leader/Principal Examiner for guidance.

boas L . . . . ‘o - . .
Note that in organic chemistry a candidale may identify a compound by name and formula. It one ot
thiese is wrong then the mark is not awarded as this is a conicadictory answer.
-
28
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1

Ahbreviations, / = alternative and acceptaltie answers for the sama marking peind
snnolations and sgpearates marking poinis

:?.:"
o
.._.I

1

conventions used in the answers not worthy of credit
mark schems {}y = vwords which are not essential ¢ gain credit
_ f{underining) = key words which must be used
ecf = allow error carried forward in consagquential marking
AW = allernative wording
ora = of reverse argument
Marking structures in When a structura is asked for, there must be sufiicient detzil viing
organic chemistry conventiunal carzon skeleten end functional group formulas {2.g. Cily,

C,H; OH, COOH. COOCH,) to unambiguously define the
arrangement of the atoms. (E.¢. CiH: would not be sufficient),

If not specified by the quesion, this may be given as either

2 g siructural formula —e.g. CHCH{OH)C-H.,

S

. OH
7  askeletal formula-e.qg.
H
|
M C H H
P
F!—Q—?—?—?—H
R o= H M

* adisplayad formula - e.g.

of as a hvorid of these - e.g. B

The following errors should be penalised ~ aithough each one only
loses a maximum cf one mark on the paper;

2 ciearly connecting a functional group by the wrong aiom
2 showing only ‘sicks’ instead of hydregen atoms —

P9
= G e G G
eg I
e
] ()
: . Ry i
Benzene rings may be reprasented as as well as in any

of the types of formula above.
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7 {3 cikene ¥ o ailow “C=C dovble bend” _:
i esrery {27
i i
| ~O |
H |
: ) i
i >‘o i
i \‘:_‘:\ H
v 41
| |
e &b O [t
[ !
. a2, saie structural Formula/order of bonds,
i cifferent spacial arrangement AW v i
1 |
: “zevription or diagram showing 8 and how it is different rom A v [23
i
i <. 0
W
i 1 C—oH @ i
e CH3
i J_I} =5 cu HOllr .
’ | v [21
|
. L peakar 1680-1750 {em') due to C=0Y
peak at 1000-1300 (cm” ) due 1o -0 /Y r2]
i 2500-3300 / 3230-3550 (em™) v

| O-M fearboxylic acid/alcoho! s not present in A v

aflow 1 tmark for ~500-1500 (ca’) which is a unigue Fingerprint region efc {23

[Totai: 12]
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0
, C* H—oN o
e o Oti
.;.z,aJ 4 / I
H—C ™~ —— H—C —_— H--C

Co O "D

polarisation of & =0 end curly arrow breaking C=0 ¥
curly arrow from lone pair on €N fo &Y

structure of intermedciare ¥

curly arrows from O fo H-CN/HO and allow just a curly
bf&:ﬂ;ﬂ}?_g? the H-CNVH-OH bond v Ao ff'O!‘TI from
O o H [4]
il nucleophific agdition v {11
e. leng:iheniag the carbon chain AW v [1]
f. i heat/reflux .. with a suitable strong acid sacid /H" ¥
which is difute / (ag) / stated concentration v allow ‘conc’ for HCT [23
. CHSCHOH)N + 2H:O + H' »  CHCH{OH)COOH + Ny ¥ {1]
g. mandelic acid is chiral / has optical isomers /enantiomers v

synthetic gives a mixture / natural gives only one (optical) isomer
v
igriore references te

only enz of the (optical) isomers is the (pharmacologicelly) active  side ef fects and
one AW v dasage [31

h. 1. CHCHOHICHNH,; / 2-amino-1-phenyle thanol

any unambiguous formula/name v’ [11
ii. reduction / redox v 1]
[Total: 14}

'
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(%) low boifing point / easily turns 10 a gas AW ¥ - [1]

0|
|

2 A-dinfrophenylhydrozine / 2,4-ONP(H) / Brady s reagent ¥
rurify/recrystallise the product/solid (derivative)

measure the melting point /mp v

comnare the resuft with data bock/known values v 14}

one mark for two _
peaks assigned ¥ ;

iwe marks for olf

) three !
j: | i

! _ o

S ' {21
| |
1 E
! . rarun infadd D20 v !
! pecl: (due fo OH) discppecrs ¥ {21 |

3

Bl Faok ar 1. 4pom
(i1 que to) one H on the neighbouring /adjacent carbon v

Pzak at 4. 3ppm

‘ (1:3:3:1 due to) three H on the neighbouring /adjacent carbon v [2y ¢
|
i ;. | .. |
! iy l ] | ;
i .:HJ_ A A ,-'|:\ [
g el 33 !
j ot t 2 alf four correct v 1
|

| V. no of H/profons in the same (chemical) environment/of that type' ¥ {1]

! [Totak: 13]
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2814

4 {a)

Mark Scheme

k.

Correct structure of 3-nitrophenol or any multiple nitra rea'phe,f?o-r’ v

M. phenol (CH: Ol = 94.0v

A d-pitropheno! (C;HNC:) = 1390

expected mass/moles of nifraphena! from 100 g =
148 g/1.06 mol (or ect from wrong A}’

lest miark is for 027 x
expected mass to 2er 357 [4]

ot 77 vield gives 40 /4 35,9 (q) foreci }
conditions ysr nitration of benrene:
FING; 15 concentrated v
conc F584 is present v
heating or sitated temp abovz BOC Y

explanation for grearer reactivity of phenol
lone pair from O atom is delocalised info the ring v

greater (x] electron density around the ring ¥
{(the benzene ring in phenol} is activated v

attracts electrophiles/ NOz more / makes it inore susceptible to
electrophiles AW v

guality of Written Communication mark Yor af least two legible
sentences with correct spelling, punctuation and grammar

I
NG, NG »

[<]

{4]

[1]

allow bromination in
any positions on the

ring

[4]
[Totak: 17}
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ST onn ) o
: f'/;‘"_‘\‘- é (‘: i
: \:J H i .
) hoon v 1] i
| L CutlOs v H] —  CedHOr ¥ alfewect from (i) £1]
i
i -
R dmvcalised electrons
i sleirons are spread over mare than fwo atoms AW v
__ wiwfoznd ;
i Forined by overiop of p-orbitals, diagram to show ¥ [21 .
' segm niirite + HC /7 nitrous acid v |
i :
i i
! 070 :
P )
| ;
! pherol/named example (acded to the products from above) AW v
alkaline conditiens / OH ¥
example of an azo dve that could be formed from phenylamine, |
'O
N |
(6] |

N - -

Total: 18]
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s {a} S
c=C 5
/ A I
H LS :
K = ;
i i —;!—-C'*—-—(CH;',=4—-—C*~1l\.'"-:j(3l~lzj;5—iI\! i
i ' :

H Hi
monoiners connected by NHCO v
correct repeat showny

E condensation acdition |V for both (4]
|
p. 1. Plis/ SO (11
1
| . Hcl {11
s .
HaN = G —Ni 1 O C—=(CHzs—C—0Q"
: e -
i ? ]
; 1
allow 1 inark for: both v —(CHg—NH, an& HO—C—(CH;—C— 0" (21
|
|
SR LA {11
E
! H\ T f/o I
i NTYTR where R = H CHy, CHROH or CHACH: Y !
J + H GH 4] :
' Bii. any three different chemically or biologically correct dif ferences
i between amino acids and the nyion monomers ~'~'v - eg
o protein monomers are amine acids / nylon menomers are a !
(diamine/base and a (dilacid
o protein monomers have different fypes/R groups / nvion
monomers are Tiwo fypes/no variation
s protein monomers have stereo/optical isomers/are chiral
o protfem monomers have higher melfting peints/form zwitterions
other possible answers mclude. don't affow
» nylon monomers have longer chain length/no other functional comparisons of
groups / no aromatic content / are symmetrical etc solubifity or M. [31 |
1
[Total: 13} |
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(2038} dramine as an electrophiie
sn electrophile accepts an electron pair NOT a fone pair

Lromine is polarised/has + charge (centre)/dipole on Br-Br/8r” shown
i dizgram v

arpropriate diagram showning a curly arrow from a deuble/z bond 7o
1he Er /Bri v

s -
P B Br

. coiicarison of reactivity of cyclohexene and benzens
nenzene Is (more) stable / more enerqgy required ¥

Lenzene (7} electrons are delocalised v
so.zene has lower electron/- charge density v

Zw bromine is less polarised /aftracted te it /
fanzene is less susceptible to electrophiles ¥

2o for cyclohexzne [4]

raitlity of written communication mark for any two of the the rerins:
celocalised/localised n-electrons/bonds/system, eleciron density,
| cntive covalent, activation/stabilisation energy, halogen carrier,
g Azierfytic fission, addition/substitution, pelarity used oppropriaiely ¥ i1 .

S . vdebenzene bacausz .

Br is mere electronegative thanI¥ era

sn the T atem will be positive /5 /the electrophile ¥ 121
GO v IBr ——s GHSL ¢ HBr Y
or ect giving CiHsBr + HT (11
|
§_ [Total: 11 |

36
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